Abstract: Using time-and angle-resolved photoemission spectroscopy, we show that an intense ultrashort mid-infrared pulse with energy below the bulk band gap hybridizes with the surface Dirac fermions of a topological insulator to form Floquet-Bloch bands.
observed gaps are consistent with simple theoretical approaches. When the light is linearly polarized, no change is observed at the Dirac point. Figure 1 Evolution of electronic band structure of a topological insulator in response to excitation by a femtosecond light pulse with energy of 120 meV. Relative time delays between the excitation and probing pulse indicated at the bottom of the panels. When the two pulses overlap ( 0 fs), multiple replicas of the Dirac cone separated by photon energy is visible [4] .
The crossing of the bands at the Dirac point is protected by time reversal symmetry (TRS). Circularly polarized light naturally breaks time reversal symmetry. When the band structure is recorded under the excitation of circularly polarized light pulse, we observed that an additional gap opens at the Dirac point. The magnitude of this gap is also consistent with theory. The resulting state in this case is predicted to have exotic properties. Specifically, it is predicted to be the quantum hall insulator phase without the Landau levels.
In summary, using time resolved ARPES we have observed mixing of Dirac fermions with photons. The photondressed surface band structure is composed of a manifold of Dirac cones evenly spaced by the photon energy and exhibits polarization-dependent band gaps at the avoided crossings of the Dirac cones. Circularly polarized photons induce an additional gap at the Dirac point, which is a signature of broken time-reversal symmetry on the surface. These observations establish the Floquet-Bloch bands in solids experimentally and pave the way for optical manipulation of topological quantum states of matter.
